Introduction
Very little is known about use of e-cigarettes at the population level in the United States. In 2010 Pearson et al. 4 reported that prevalence of e-cigarette use in the United States was 1.2%, and Zhu et al. 9 found in 2012 that 1.4% of adults were current users.
The US Food and Drug Administration, in collaboration with the National Institute on Drug Abuse (NIDA) and the National Institutes of Health (NIH), launched the Population Assessment of Tobacco and Health (PATH) Study in 2011 to gather information for regulatory activities authorized by the Family Smoking Prevention and Tobacco Control Act (TCA). In 2014 the PATH Study enrolled two cohorts of respondents, 32 320 adults and 13 651 youth, to create a national baseline sample of tobacco users and non-users as a baseline in wave 1, and the public-use datasets were released in mid-2016.
The overall objective of the PATH study is a detailed longitudinal investigation of "how and why people start using tobacco, start using different types of tobacco products…, switch from one tobacco product to another…, quit using tobacco…" and other measures of attitudes and behaviors. 10 The PATH survey represents the first time a federal instrument has collected detailed information on specific features of e-cigarette use that have not been described fully in other population-level surveys (eg, disposable vs. rechargeable battery, disposable vs. refillable cartridges, nicotine level, reasons for use).
Furthermore, PATH collected detailed information about all tobacco products, facilitating identification and investigation of unconventional usage patterns at variance with traditional descriptors such as ever smoking (eg, 100 cigarettes in lifetime), current smoking (ever plus now smoking every day or some days) and former smoking (ever but not smoking now).
Recently Kasza et al. 11 published an overview of tobacco use among participants in PATH wave 1. The purpose of this study is to describe the prevalence, patterns of, and reasons for e-cigarette use among PATH participants, in the context of smoking status. In addition, we report on the perceptions of nicotine and e-cigarettes among user groups.
Methods

Data
Data for the analysis were drawn from the first wave of the PATH survey, which involved interviews of 32 320 civilian and non-institutionalized adults (ages 18 and older) from all 50 United States and the District of Columbia. Subjects were enrolled from September 13, 2013 to December 14, 2014 ; household screening was accomplished with computer-assisted personal interviewing (CAPI), and interviews were completed with audio computer-assisted self-interviewing (ACASI). Notably, PATH oversampled young adults (ages 18-24), blacks, and tobacco users. Hyland et al. 12 described the conceptual framework and methods of the PATH study; additional information on the sampling procedures can be found in the PATH User Guide. 13 The PATH survey collected detailed information about various tobacco products including cigarettes and e-cigarettes, nicotine dependence, cessation, and perceptions of risk and harm, overall physical and mental health, peer and family influences, substance use, and demographic information.
Measures
Cigarette smoking and e-cigarette use behaviors were assessed in multiple questions. For cigarette smoking, all respondents were asked: "Have you ever smoked a cigarette, even one or two puffs?" Those who had ever smoked cigarettes were also asked "Do you now smoke cigarettes every day, some days, or not at all?" and "How many cigarettes have you smoked in your entire life?" For e-cigarette use, all participants were, first, asked: "Have you ever seen or heard of an electronic cigarette or e-cigarette before this study?" Those who answered that they had ever heard of e-cigarette were asked "Have you used an e-cigarette, such as NJOY, Blu, or Smoking Everywhere, even one or two times?" Ever users were asked about current use: "Do you now use e-cigarettes every day, some days, or not at all?" and: "Have you ever used e-cigarettes fairly regularly?"
We used these questions to establish smoking and e-cigarette use categories (Table 1) . Current users were classified into every day and Aware of e-cigarettes; have ever used an e-cigarette, even one time; have NOT ever used e-cigarettes fairly regularly; and now use e-cigarettes every day or some days Former users
Aware of e-cigarettes; have ever used an e-cigarette, even one time; have ever used e-cigarettes fairly regularly; and now do NOT use e-cigarettes at all Former triers
Aware of e-cigarettes; have ever used an e-cigarette, even one time; have NOT ever used e-cigarettes fairly regularly; and now do NOT use e-cigarettes at all Never users NOT aware of e-cigarettes or have NOT ever used an e-cigarette, even one time some days. In order to categorize former smokers by time since quit (<1, 1-4, and 5+ years), we used the following question; "About how long has it been since you completely quit smoking cigarettes?" Our goal was to replicate established definitions for current, former and never smokers without losing additional information on nontraditional smoking patterns obtained by the PATH questionnaire. This mainly involved subgroups of never smokers that we designated current, former and never cigarette triers, based on lifetime consumption of fewer than 100 cigarettes. Time since quitting was also specified for former e-cigarette users (≤1 and 1+ years). Smokers and e-cigarette users may have used other tobacco products (ie, cigars, pipe tobacco, hookah, smokeless tobacco products, and/or dissolvable tobacco).
PATH also asked questions that allowed us to assess utilization patterns and perception of e-cigarette use, including time to first use after waking up (expressed as minutes in this study), e-cigarette ownership, cost, type of e-cigarette, flavor, nicotine concentration, retail purchase location, reasons for using e-cigarettes, and health perceptions of using tobacco products. Response options for these items are listed in Results Tables 3-6 .
Finally, PATH also provided information on age, sex, race/ethnicity, household income and regions.
Analysis
Data were analyzed using descriptive statistics. All analyses exclude participants (about 3%) who had missing information on age, sex, race/ethnicity, education, smoking or e-cigarette use. The final sample for prevalence estimates was 31 351. For e-cigarette utilization, the sample size was reduced to 11 267 because PATH questions were restricted to respondents who have ever used e-cigarettes. We incorporated time since quitting e-cigarettes to distinguish between former users ≤12 months and >12 months. For reasons for using e-cigarettes and perceptions, we focused on current e-cigarette users, according to smoking status. The sample size was reduced to 1524.
Prevalence rates for the overall sample were computed and weighted to represent the US adult population by using Stata, version 13. To compare current e-cigarette users by smoking status (current smokers, former smokers, and never-smokers), we computed all pairwise differences of the means of demographic variables, e-cigarette utilization, reasons for using e-cigarettes, and perceptions. In order to avoid the type I error from multiple comparisons, we adjusted the confidence intervals and p-values by using the Tukey's honest significant difference test.
Results
Supplementary Table 1 shows the unweighted and weighted characteristics of PATH participants, including the prevalence of current, former and never smoking and e-cigarette use. The prevalence of current smoking was 18%, with the majority (14.5%) being every day smokers. The prevalence of former smoking was 20%, with the majority (15.7%) having quit 5 or more years prior to the survey; the remaining former smokers were nearly evenly split between 1 year or less (2.3%) and 1-4 years (2.2%). The prevalence of never-smokers was 62%; almost half were either current triers (3.1%) or former triers (25.4%) of cigarettes. The prevalence of current e-cigarette use was 2.4%, with some day use more common than every day use (1.4% vs. 1.0%). In addition, 3.2% of participants were current e-cigarette triers, with the majority (3.0%) using them some days. The prevalence of former e-cigarette use was 12.3%. Figure 1 shows the smoking status (weighted percentage of current, former, never smoking) of e-cigarette users. Current every day e-cigarette users were evenly split between current and former smokers (47% and 46%, respectively), while the majority of some day users (75%) and triers (76%) were current smokers. Only 7.6% of everyday e-cig users were never-smokers. However, almost all were either current (3.8%) or former (3.3%) cigarette triers; only 0.5% were never triers. Never-smokers made up a higher percentage of some day e-cigarette users (16%) and e-cigarette triers (18%). The majority were current or former cigarette triers. Figure 1 also reveals that 81%-84% of smokers were daily smokers across almost all e-cigarette use patterns; the only exception was every day e-cigarette users, where the proportion of daily smokers was only 59%. Additional information about the smoking status of e-cigarette users is in Supplementary Table 2. Compared with never users, e-cigarette users were more likely to be younger than 45 years old, white, and have some college education, although they were far less likely to have a college degree. Users were also less likely to live in the Northeast and more likely to live in the Midwest or West (results not shown in the tables).
Utilization characteristics among current and former e-cigarette users are shown in Table 2 . Compared with some day users and triers, higher percentages of every day users owned e-cigarette equipment (99% vs. 83% and 61%, respectively), and a higher proportion of them (69% vs. 56% and 37%) had paid $21 or more for that equipment. Every day users were also more likely to use a rechargeable unit (96% vs. 81% and 61%) and refill e-cigarettes with e-liquid (80% vs. 56% and 38%). In contrast, triers and some day users were more likely to use cartridges (67% and 58% vs. 38%). However, most triers (84%) had lifetime use of 10 or fewer cartridges, while 61% of daily users had used 11+ cartridges. All of these comparisons were statistically significant (p < .001). Table 3 shows e-cigarette utilization among current e-cigarette users, according to smoking status. Time to first e-cigarette use among never-smokers was significantly longer than among current and former smokers (178 vs. 108 and 93 minutes, p < .001 for both). Current e-cigarette users who were current and former smokers had high and significantly different rates of e-cigarette equipment ownership (90% vs. 96%, p = .005) and use of a rechargeable unit (87% vs. 94%, p < .001). Seventy percent of former smokers paid $21 or more for their equipment, and had a higher rate of liquid refill use than current and never-smokers (75% vs. 62%, p < .001 and 68%, p = .072, respectively) and had a significantly higher percentage of 20+ lifetime cartridge use (46% vs. 27% and 16%, p < .001 for both). The overall mean for daily cartridge use was similar across all smoking groups. Flavored e-cigarettes, which were specified in the survey as "menthol, mint, clove, spice, candy, fruit, chocolate, alcohol (such as wine or cognac), or other sweets," were consumed by 7 out of 10 current users. Never-smokers were significantly more likely to use them than current and former smokers (84% vs. 67% and 69%, p < .001 and p = .001, respectively), and they were significantly less likely to use liquid containing nicotine (69% vs. 93% and 88%, p < .001 for both). Notably, the cross tabulation analyses (results not shown) revealed that 5.2% of current smokers, 7.8% of former smokers, and 25.9% of never-smokers used e-cigarettes that contained flavor, but no nicotine. Furthermore, never-smokers who consumed nicotine e-liquids were significantly less likely to use a high concentration level of nicotine (18+ mg) than current and former smokers (18% vs. 35%, p < .001 and 32%, p = .002, respectively).
The majority of users bought e-cigarettes in person (81%). Former smokers were significantly more likely to buy them from the internet than current and never-smokers (21% vs. 10.3%, p < .001 and 13.0%, p = .025, respectively). Never-smokers were the least likely to buy their own e-cigarettes. Two-thirds of former smokers purchased their e-cigarettes in a smoke shop or vape shop, which was significantly higher than current or never-smokers (55% and 45%, p < .001 for both).
Supplementary Table 3 compares the demographic characteristics of current e-cigarette users who are current, former or neversmokers. Some demographic characteristics were notable. Former smokers were the oldest (mean age 40 years) followed by current (36 years) and never-smokers (30 years). The latter also were more likely to be (16%) Hispanic (23%) or other (12%) race and have a high school diploma or GED (42%) than current or former smokers. In addition, they were more likely to live in the West and less likely to live in the South. Table 4 shows the percentage of current users who reported specific reasons for using e-cigarettes, according to smoking status. The top five reasons among former smokers were "less harmful to me" (94%), "less harmful to persons around me," (88%) "help to quit smoking," (86%) "don't smell" (80%), and "use when/where smoking not allowed" (78%). These reasons were also the top five for current smokers, although the order and percentage were somewhat different, most notably involving "when/where smoking not allowed." (2nd most prevalent reason, 89.3%). For never-smokers, "like flavors" (77%) replaced "help with quit smoking." E-cigarette use by other people ("important to me" or "in the media or other public figures") and appealing advertising were the least popular reasons for use among all groups. Table 5 shows the perceptions about nicotine, the harmfulness of e-cigarettes compared to cigarettes, and likely use of a tobacco product if it claimed that it was less harmful than other products among current users, according to smoking status. Thirty-four percent of former smokers did not believe that nicotine causes most cancers, compared with 23% of current smokers and 16% of never-smokers (p < .001 for both). There was more general agreement that nicotine is the main substance that makes people want to use tobacco products (76%-87%). The majority of users thought that e-cigarettes were less harmful than cigarettes. Ninety-four percent of former smokers thought that e-cigarettes were less harmful, which was significantly higher than either current or never-smokers (78% and 77%, p < .001 for both). The likelihood (very or somewhat likely) of using a tobacco product if it claimed to be less harmful was highest among current smokers (64%), and lower for both never (48%) and former (46%) smokers. Table 5 also shows the perceptions about smoking/tobacco use as a cause of several serious diseases, and the proportion that thought in the past 30 days about the harm to self from using tobacco. The majority of all smoking groups were aware that smoking causes stroke, lung cancer, lung diseases, heart diseases and mouth cancer.
Discussion
The 2014 PATH study represents the first detailed investigation of e-cigarette use in a federal survey. It shows that there were 5.5 million current users (prevalence, 2.4%), of which 2.3 million used the products daily and 3.2 million used them some days. However, these estimates only include users who had used the products regularly, which is a fairly strict criterion that was not used in a prior study reporting 5.5% prevalence. 11 That study included another 7.3 million current triers (prevalence, 3.1%) who had not used the products regularly but were using them every day or some days. This highlights how subtle changes in the definition of users can have substantial effects on prevalence estimates.
A similar hierarchical classification strategy was used for estimates of cigarette smoking. The number of current smokers in PATH was 41.5 million, and 80% were daily smokers, which is consistent with the 2014 NHIS. However, there were also 7.1 million current cigarette triers, who are distinguished by being every day or some day smokers who had not consumed 100 cigarettes in their lifetime. Triers do not fit the traditional definition of current smokers, so we have included them as a subset of "never-smokers" for comparison with NHIS surveys, where they would have been classified as Subsample of respondents who own e-cigarette equipment. The prices do not include the cost of additional cartridges or accessories unless they were included in a starter kit. Total observations are 1369, which consist of 875 current smokers, 332 former smokers, and 162 never-smokers.
c Subsample of respondents who were current e-cigarette users. Total observations are 936, which consist of 544 current smokers, 266 former smokers, and 126 never-smokers. never-smokers by answering "no" to the 100-cigarette question and not being asked about every or some day smoking. This is an indication that a substantial number of American smokers may have been misclassified as never-smokers in previous national surveys.
Further comparison of prevalence rates from PATH and NHIS 2014 is informative. Prevalence of smoking was 18.2% in PATH and 16.8% in NHIS, 14 even though the definition in the latter was slightly less rigorous (100 lifetime cigarettes and every day/some days). An additional 3.1% of PATH participants were current triers (ie, smoking every day or some days but not regularly), which makes the difference in prevalence even larger, although triers would have been classified in NHIS as never-smokers. A similar but reversed difference was seen in the prevalence of current e-cigarette use, which was 2.4% in PATH and 3.7% in NHIS. The prevalence of current e-cigarette triers in PATH was 3.2%, most of whom (3.0%) were some day triers. There were clear differences between current e-cigarette users and triers. Every day users were more likely to own equipment and to have a rechargeable unit fillable with e-liquid. These characteristics were also more prominent among former smokers, who more frequently purchased products in specialty shops. Former smokers were also more likely to have perceptions of nicotine and e-cigarettes in line with the assessment by the Royal College of Physicians, which is that nicotine does not cause cancer and that e-cigarettes are less harmful than cigarettes. 6 Less harmful to me and persons around me were prominent reasons for using e-cigarettes, while use by other people and advertising were not popular reasons.
One of the major criticisms of e-cigarettes is that they will draw nonsmokers to initiate tobacco use, which will eventually lead to cigarette smoking. The majority of non-smokers who were current e-cigarette users were already current (56%) or former (34%) cigarette triers. Only 10% of nonsmokers were never-smokers (Supplementary Table 2 ).
While this study has provided novel detailed information about smoking, the altered definitions involving the trier categories introduce some limitations in contrast to previous federal surveys, which had simple and reproducible tobacco use definitions. For smoking, the 100 lifetime-cigarette question, coupled with current every day, some day or no smoking, was used to classify current, former and smokers in previous federal surveys. However, the actual behavior of tobacco users may not have been fully represented by those categories. We used the 100 lifetime-cigarette question to develop the trier category, following a strategy developed by PATH survey administrators (who labeled them experimenters). We believe the limitations of this approach are outweighed by gaining new information about complicated and nonconventional usage patterns.
A similar limitation also involves e-cigarette use, with the phrase "have ever used e-cigarettes fairly regularly," being used to differentiate committed users and triers. While we acknowledge that the phrase was untested and open to different interpretations by survey participants, we believe that different use characteristics and patterns between committed users and triers justified its application in this study.
Another limitation involved the survey treatment of e-cigarette flavors, which have been shown to be especially important for committed users. 15 Unfortunately, PATH asked only a general question about nine flavors that was used for all tobacco products, and the survey did not collect information on specific flavor preferences.
In conclusion, e-cigarettes were used primarily by current smokers (63%) and former smokers (24%), most of whom had quit in the past 4 years. These results are broadly consistent with those found by Farsalinos et al. in the 2014 Eurobarometer Survey, 16 in which e-cigarettes were also used primarily by current (63%) and former smokers (30%). This indicates that, both in the United States and elsewhere, e-cigarettes are used predominantly by current and former smokers, while they are not popular among nonsmokers. The main reasons for e-cigarette use center around perceptions that they are less harmful than cigarettes to users and others. The first wave of the PATH survey provides valuable information about e-cigarette use and its relationship with current and former smoking. It serves as an excellent baseline for PATH's longitudinal follow-up surveys, which will provide additional insights about transformations in American tobacco use.
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Supplementary data are available at Nicotine & Tobacco Research online.
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